Purpose To assess the relationship between low-grade inflammation, measured as basal high sensitivity (hs)-CRP, and IVF outcome. Methods We recruited a total of 220 women undergoing infertility work up prior to IVF. Patients were selected for a BMI<30 kg/m 2 with an upper age limit of 40 years. Serum hs-CRP levels were measured on day 3 of a spontaneous menstrual cycle preceding ovarian stimulation. A sensitive two-site ELISA was used for analysis. Dose of gonadotrophins required, follicles days 8 and 10, number of oocytes collected, number of oocytes fertilised and pregnancy outcome were recorded. Results Median hs-CRP was 1.08 mg/L (0.43-3.00 mg/L). The hs-CRP was significantly related to BMI (r=0.386, P<.001) but not to age and smoking habit. There were no significant relationships between basal hs-CRP and any of the measured IVF outcomes. Conclusions These findings demonstrate that serum hs-CRP concentration is not a predictive marker of cycle or pregnancy outcome in women undergoing IVF treatment.
Introduction
A variety of factors including chronological age, body mass index (BMI) and smoking, have a detrimental effect on reproductive performance. Increase in maternal age is known to have a negative impact on fertility secondary to reduced ovarian reserve [1, 2] . Numerous studies concluded that obesity, as defined by a BMI>25 kg/m 2 negatively correlates with fertility potential, affecting ovulation, pregnancy rates and outcomes in natural and treated cycles [3, 4] . There is also evidence that smoking negatively impacts on all areas of fertility from follicle development to fertilization and embryo cleavage. When in vitro fertilization (IVF) is used, fewer follicles are stimulated, fewer oocytes are retrieved, implantation rates are lower, more cycles are cancelled and live birth rates are significantly lower in smokers when compared to non-smokers [5] [6] [7] [8] . Interestingly, passive smoking is found to be just as detrimental to fertility as active smoking, halving the pregnancy rate [9] .
C-reactive protein (CRP) is an acute phase reactant that is important in the non-specific host defence against inflammation and is synthesised in the liver. In periods of infection and trauma, CRP levels can be raised several fold, but small increases above the baseline have been found to be predictive of low-grade inflammation. A more sensitive CRP assay allows determination of lower levels of CRP. This is known as high-sensitivity CRP (hs-CRP) and has been established as an inflammatory marker in a wide range of medical conditions. Also, increased levels of hs-CRP have been significantly correlated with advancing age [10] , BMI [11] [12] [13] and smoking [14] [15] [16] , all of which may be associated with impaired fertility.
Chronic low-grade inflammation may be a common mechanism whereby these predisposing factors cause subfertility. As yet, a handful of studies have investigated CRP levels during assisted conception, making it difficult to know the expected normal levels in different subgroups of patients [17] [18] [19] [20] . Levin and colleagues [17] reported that higher CRP levels during IVF stimulation were associated with failure of conception. Conversely, other authors [19, 20] found that CRP measurements were not a predictive marker of IVF success.
The aim of this prospective exploratory study was to assess the relationship between basal inflammation, as evidenced by high level serum CRP, and IVF cycle outcome in an unselected population of women undergoing controlled ovarian stimulation.
Materials and methods
Between September 2005 and April 2006, 220 consecutive women undergoing infertility work-up prior to controlled ovarian hyperstimulation (COH) for IVF/ICSI were recruited at the Regional IVF Unit, St. Mary's Hospital, Manchester, UK. All the subjects had to fulfil the following inclusion criteria: (1) regular menstrual cycles (28-35 days), (2) first ovarian stimulation treatment, (3) both ovaries visualised on transvaginal ultrasound, (4) no use of hormone therapy in the 6 months before entering the study, (5) no history of premature ovarian failure and/or autoimmune diseases, (6) no previous ovarian surgery, (7) no exposure to cytotoxic drugs or pelvic radiation therapy, and (8) BMI>19< 30 kg/m 2 . Written informed consent was obtained. The study had approval from the Bolton Local Research Ethics Committee (UK-NHS 05/Q1409/50).
Data regarding self reported smoking, chronological age and BMI were recorded on all subjects using a studyspecific case report form. Patients and partners were classed as smokers or non-smokers irrespective of the number of cigarettes smoked per day.
All patients underwent COH using a standard long stepdown protocol with GnRH analogue and human Menopausal Gonadotrophin (hMG), as previously published [21] . Convention for IVF with or without ICSI was assessed according to the sperm parameters on the day of oocyte retrieval. Follicle tracking was performed by an independent assessor on day 8 and on day 10 of stimulation treatment. Adverse effects to gonadotrophin administration were recorded, as appropriate. Biochemical pregnancy was defined as a positive urine pregnancy test 17 days post embryo transfer, while clinical pregnancy was defined as the presence of fetal heart beat on ultrasound scan performed at >6 weeks of gestation.
On day 3 of a spontaneous menstrual cycle before commencing ovarian stimulation, blood samples for the measurement of serum hs-CRP levels were obtained by venepuncture at approximately 0800 hours. The serum was frozen at −70°C until thawed and assayed in batches. Serum high sensitivity CRP was determined in duplicate by a solidphase ELISA assay [22] . The sensitivity was 0.1 mg/l, the within-batch coefficient of variation was 5.9% and the between-batch coefficient of variation was 6.1%.
Statistical analysis
Results are expressed either as means ± standard deviation (SD) with range, or as medians with interquartile range (IQR). Correlations between parameters were performed using the Spearman rank test. Difference between groups was analysed by the Mann-Whitney U test. Statistical analysis was performed using StatsDirect Version 2.5.8 (Stats Direct Ltd., UK) from Microsoft Excel ® 2003. A 5% significance level was used (P<.05).
Results
Chronological age and BMI of the 220 recruited patients were 32.6±3.9 years (range 22.9-41.5 years) and 24.4± 3.68 kg/m 2 (range 16-38 kg/m 2 ), respectively. A total of 156 out of the 220 subjects commenced ovarian stimulation treatment before the end of the study period. Of these, 128 patients had successful stimulation, 15 were cancelled due to the increased risk of ovarian hyperstimulation syndrome (oestradiol levels≥21,000 pmol/L) and 13 had their cycles cancelled because of failed stimulation (oestradiol levels< 1,000 pmol/L on day 6 of stimulation and/or less than four developing follicles seen on ultrasound on day 8 of stimulation). One hundred and twenty-seven patients had IVF with or without ICSI for fertilization, and one had to be cancelled as there was no sperm available on the day. Successful fertilization occurred in 120 patients and embryo cleavage in 114 of them. Forty-one patients achieved a clinical pregnancy, seven had only a biochemical pregnancy and one had a first trimester miscarriage, whilst the remaining 65 patients failed to conceive. The quorum in Fig. 1 shows the number of subjects recruited and those entering each stage of IVF treatment.
With regard to pregnancy outcomes, 26.3% of patients starting COH treatment and 36% having embryo transfer achieved a clinical pregnancy (Table 1) . These subjects had a higher median hs-CRP and mean BMI than those who failed to conceive, but the differences were not statistically significant. Table 2 , only the BMI showed a significant correlation with hs-CRP levels (r=0.386, P<.001), while none of the measured IVF cycle outcomes correlated with this inflammation marker. Furthermore, basal hs-CRP levels did not appear to predict successful stages of IVF treatment (Fig. 2) . Median hs-CRP levels were 1.08 mg/l (IQR 0.43-3.00) on entry (n=220), 0.99 mg/l (IQR 0.41-2.59) in the COH treatment group (n=156), 1.00 mg/l (IQR 0.42-2.43) in the normal stimulation group (n=128), 1.06 mg/l (IQR 0.44-2.59) in the successful fertilization group (n=120), 1.12 mg/l (IQR 0.47-2.76) in the successful division group (n=114) and 1.35 mg/l (IQR 0.48-3.13) in the clinical pregnancy group (n=41). There were no significant differences when comparing hs-CRP levels between the entry patients group and any of the following groups -COH treatment (P=.513), normal stimulation (P=.526), successful fertilization (P=.718), successful division (P=.983) and clinical pregnancy (P=.595).
As shown in
In the whole study population, median hs-CRP was 1.09 mg/l (IQR 0.42-2.98) in cases when neither partner smoked, 1.70 mg/l (IQR 0.57-4.06) when both partners smoked, 0.92 mg/l (IQR 0.49-2.86 when the partner only smoked and 0.48 mg/l (IQR 0.24-3.10) when the patient only smoked. Although the median CRP was higher in cases when both partners smoked compared to the non-smoking group, this increase did not reach statistical significance (P=.453). Correlations were performed using the Spearman rank test
Discussion
The role of C-reactive protein as putative marker of success in IVF treatment has not been fully investigated. The available studies present considerable differences in design, subjects and methods, reaching contradictory results [17] [18] [19] [20] . Gonadotrophin hyperstimulation, oocyte retrieval and blastocyst-endometrium interaction (i.e., early stages of implantation) are thought to induce a temporary inflammatory state as evidenced by a rise in CRP levels and inflammatory cytokines. Levin and colleagues [17] were amongst the first to report significantly higher hs-CRP levels in women admitted to the hospital with a diagnosis of ovarian hyperstimulation syndrome. These and other authors [19] speculated that the inflammatory process results from stimulation treatment and may be responsible for the molecular mechanisms leading to the various degrees of the syndrome. Almagor and colleagues [18] took serial measurements of CRP during the IVF cycle and found that the levels increased 1 week after oocyte retrieval. Pregnant women after IVF treatment were shown to have higher CRP levels than non-pregnant women at 4 weeks of gestation, suggesting that the maternal inflammatory response starts from the early stages of embryo implantation [23] .
Some might argue that measurements of CRP levels in the context of ongoing inflammatory states are not a direct reflection of the baseline systemic environment. Therefore, CRP should be measured in neutral condition. In the present study, we have failed to observe any statistically significant correlation between day 3 hs-CRP and IVF cycle outcomes or clinical pregnancy. Our findings concur with other studies [19, 20] which found no correlation between circulating levels of hs-CRP prior to ovarian stimulation with gonadotrophins and IVF outcome. In contrast, Levin and colleagues [17] , who measured hs-CRP at different time points, noted that hs-CRP concentrations on day 3 correlated with IVF treatment failure. Noteworthily, the authors included only a very small number of subjects (n=28) in their analysis, comparing eight women who conceived to 20 women who failed to conceive.
In subfertile women undergoing IVF, the lack of correlation between hs-CRP with chronological age and smoking is not surprising as they are often healthy and relatively young subjects. In the study showing a correlation between CRP levels and IVF outcome, the patients with unsuccessful treatment had higher CRP levels and were older compared to those who achieved a pregnancy [17] .
In the last decade, the relationship between body weight, subfertility and inflammatory markers like hs-CRP has been explored in some studies [3, 4, 24] . White adipose tissue plays a central role in the low grade inflammatory state that is characteristic of obesity [25, 26] . In fact, adipose tissue is a potent source of inflammatory interleukins and other circulating cytokines, the secretion of which increase with adiposity [25] [26] [27] . In agreement with previous studies [20, 28] , we have found a significant correlation between basal hs-CRP and BMI. Furthermore, although the mean BMI of women who conceived was higher than those who had a unsuccessful cycle (26.3±3.15 and 25.0±2.68 kg/m 2 ), this failed to reach statistical significance. Nevertheless, the subtle difference in BMI may perhaps explain the higher levels of hs-CRP in the group of patients who had a clinical pregnancy.
Whether the correlations would have been any different if we had included subjects with BMI≥30 kg/m 2 cannot be proven. Certainly, obesity plays a negative role on conception and pregnancy. Weight loss, which is associated with decreased macrophage infiltration, improves the inflammatory profile [29] and enhances metabolic and reproductive potential [30] . It is recommended that women have a normal BMI before commencing any form of fertility treatment in order to maximise their chances to successful treatment outcome and reduce potential fetalmaternal complications of pregnancy.
With regard to chronological age, although some studies have suggested a correlation with circulating CRP [11, 31] , we and others [19] have failed to demonstrate such a relationship. A plausible explanation for this lies with the age range of women undergoing fertility treatment and recruited in the present study, as opposite to that of a general female population. Concomitant age-linked medical conditions (e.g., arthritis and other rheumatologic conditions), which are very seldom in healthy young women seeking fertility, are also responsible for chronic low grade inflammation.
Conclusions
To the best of our knowledge this is the largest study to investigate the role of hs-CRP in women of reproductive age undergoing IVF treatment. As no correlation could be demonstrated, we may conclude that baseline hs-CRP is of no use as predictive marker of IVF outcome in routine clinical practice. Larger, properly powered studies are warranted to confirm these preliminary findings. Whether the measurement of CRP levels during ovarian stimulation may identify subgroups of patients who might benefit from prophylactic short-term anti-inflammatory drugs to reduce the adverse effects of IVF treatment and improve pregnancy rates remain to be established. Until then, clinicians should not recommend IVF patients to take unproven and unnecessary pharmacological compounds that may have no beneficial effect on success rate.
